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Synthesis of Alkenes 
1. From Alkyl Halide 


1. Dehydrohalogenation 


Elimination Reaction 


д Heat 
нс “СІ * КОН (Alcohlic) 


Н-С-СН) + Н20 + KCI 


Heat 


H4C.H.CHs + KOH (Alcohlic) 


Е1 Elimination 


©! 
| Slow Ф 6 
ен;-с-ен, > CH;-C7CB, + :Cl 

CH, CH, 

tert-Butyl tert-Butyl Chloride 

chloride 

P :O—Et СІ” СН- СЁ CH 
CH-C-CH, + |? — >  ? | ` 2 + NaCl + EtOH 
| Na CH 
CH, 
tert-Butyl Sodium Propanone Sodium Ethanol 
ethanoate chloride 
Rate - K [R-X] 


Two Step Mechanism 


E2 Elimination 


Bond bein 
Bond being made У 
broken 
© 
- \ СН» “ | CHa 
"С ҒАН JENE] 
.. — са и г. је _ 
IN ба КЕШСЕ 
Н “ың Ó .. 5 Н “Н ы” 5 
Нас; Нас; | 
Bond being 
broken 


Transition state 


Rate = K [R-X].[Base] 
Single Step Mechanism 


Stereochemistry of E2 Elimination 


meso Е only! 


(+) or (-) Z only! 


The leaving H and the leaving group mustbeinthe 
the same plane (periplanar) and should be anti. 


E1CB Elimination 


E1cB, Step 1: 


НАС“, p 


НАС LG 


conjugate 
hase 


H + B= 


+ с 


conjugate alkene product 
base 


LG = leaving group (e.g. Br) 


Comparing the Е1, Е2, апа Е1сВ Mechanisms 


Е1 


Two steps 
1) C-LG breaks 


2) С-Н breaks 
C-C (pi) forms 


H 
\ + 


LG? 


Carbocation intermediate 


Carbocation stabilized by 
electron donating groups 


Assisted by good leaving 
groups 


No strict requirement on 
stereochemistry of С-Н 
апа C-LG 


E2 


One step 


С-Н breaks, C-C (pi) forms 
с-а breaks, all at same time 


No intermediate (concerted) 


С-Н and C-LG are anti 


Е1СВ 


Two steps 
1) C—H breaks 


2) C-LG breaks 
C-C (pi) forms 


Carbanion intermediate 


Carbanion stabilized by 
electron withdrawing groups 


Assisted by poor leaving 
groups 


No strict requirement on 
stereochemistry of С-Н 
and C-LG 


Regiochemistry or Orientation of E1 and E2 Reactions 
Saytzeff Rule: 
“More Stable alkene formed First” 


* More stable alkene has the greater number of alkyl groups attached to the 
doubly bonded carbon atoms 


KOH (Alcohlic) 
e + жү” 


^Y 


Br 
80% 20% 


More Stable Less Stable 


Stability of Alkenes 


Tetrasubstituted > Trisubstituted > Disubstituted > Monosubstituted 
R R R H R H R H R H 
% / \ / \ / \ / X / 
C=C > C=C > C=C == DC > сас 
/ X / N f 4 / \ 4 % 
R R R R H R R H H H 


Stability order due to two factors: 


Hyperconjugation 


Stabilizing interaction between the C=C zbond and 
adjacent C-H o bonds on substituents 

The more substituents there are the greater the 
stabilization of the alkene 


| H* H ~ 
у, N © | © © 
H-C-CH=CH, ++ H-C=CH-CH, 4» н? „т. 


| | 
H H | H 


2. Dehydration of Alcohols 


H H H 
| | concd H,SO,, 180°C %, "š 
H—C—C—H excess acid ж-қ 
| | H 
H OH 


Ethanol 


Synthesis of Alkenes 
2. From Alcohols 


Ethylene 


Месһапіст 


CH3—CH3—0—H ч 

C > 

+ 

| 

j^ 
CHs—CH2—O— H >» 

H 

+ 

C:HaÍa— CH 
А -j 

H 


+ 
CH3—CH2—0—H 


Reactant Conditions Product Intermediate 


95% Н2$04 + 
“ОН H5C=CH> НзС-СН» 
443 К 42 
75% Н2504 + 
ОН „а“ — < ре <> 
413 K 4° 
60% H2SO4 
OH 373 K 2 
20% Н2504 A | pu 
x° 
ÓH 360 K 


3° 


Evidence in support of mechanism 
(a) Ease of Dehydration of Alcohols 


Зе» Aux 19 


(b) Formation of rearrange Product 


i. 1,2-Hydride Sift 


75% H5SO, 75% Н,504 
kuk, 413 K oH Жа” 
ano 413 K 80% 
Minor Major 
Normal Rearranged 
Mechanism ü 


H 
њо 


Н 
| 
i m 
1° 2° 


ii. 1,2-Alkyl Sift 


3 3-dumethy]-2-butano! 3.3. Ibut- | -ert 
ие 
i TUS 
3, 3-dimethyJbutan-2 youn 
cation can re-arrange via Me shift 2,3-chmethyTbutan-2-ylum 
- E 
3 Š = 
II B C 


2,3-dimethvIbut-2-ene 2. 3-dimethvibut- ]-ene 


(с) Regiochemistry ог Orientation іп Dehydration 


Н-5О, 
udis d "а. d + Fam i 
OH Heat 
Major Minor 
Н,504 


Мајог Міпог 


Synthesis of Alkenes 
3. Pyrolysis of Quaternary Ammonium Hydroxide 


Hoffmann Elimination The Charged Species give least substituted alkenes 


| Ад;О 
а H»C=CH, + ү + HO 
E Heat 
OH 
90% 
Mechanism 
H еті Ag20 ја id 
с Nolh H»C=CH, + N + НО 
„ци “І HH Heat | 


+ | Effect 
bs Ў 


"ge 
\ 


Less Acidic 


More Acidic 


Ад2О 


+ 
5 Heat 
OH 96% 


CH3 
/ 
НЭСЗСН 


4% 


Hoffamnn Vs Saytzeff Elimination 


NaOEt 
udi di _______|_Н_Н-- Na d i Б а 
Br Heat 
Major Minor 
Ag20 
diim аб _ „РЕА цр жа 4: жа” 
NI OH Heat 


ж 
| Minor Major 


Hydrogenation of Alkenes 


Raney Ni or Pt or Pd НЭС-СН 
Н-С-СН- + Н» | | 2 + Heat 
Н Н 


H3C 
H3C Raney Ni or Pt or Pd іс- 
НС-СН; + H2 4 š! ў” + Heal 


HH 


Месһапіст 


Catalytic Hydrogenation Mechanism 


Alkene attaches to catalyst 
Hydrogen atoms attach to the surface. H “3 ^ H 
metal catalyst surface. == 
C ===> 
=н H` "H 
- H 
“ Й 
Н Н Н Н Не С — С: Н 
Metal catalyst surface 
А second hydrogen 
atom is transferred to 
the alkene. H 
CN р 
С 
— / "ы, С sH — — 
H H 


A hydrogen atom is transferred 
to the alkene. 


Two hydrogen atoms have 
added to the same face of the 
double bond (syn addition). 
The product is a saturated 
alkane. 


Relative Stability of Alkenes 


The heat of hydrogenation is a measure of stability. 


The relative stabilities of related alkenes can be determined by measuring their 
heats of combustion. 
H3C СНз H3C H 


СН;СН»СН-СН, + H, 


AH? = | -30.3 kcal тог! 


Potential energy 


AH? =| -28.6 kcal mol! 


AH? = -27.6 kcal mol! 


CH,CH,CH,CH, CH;CH,CH,CH; ` CH;CH;CH;CH; 


The thermodynamic stability of the butenes increases in the order: 1-butene « cis- 
2-butene « trans-2-butene. 


Stability of Alkenes Increases With Substitution 


Ethene 
H H 
H H 
-32.5 
kcal/mol 
Monosubstituted 
H H 
В E Disubstituted 
(cis) 
H H 
-30.0 kcal/mol — Disubstituted 
R R (trans) 1,1 Disubstituted 


-28.5 R 1 =< 
/ kcal/mol à қ 


R R Tetrasubstituted 
-27.7 ui б R R 
kcal/mol cal/m = 
note 1 kcal/mol -26.6 2 й 
difference between kcal/mol 


cis and trans! 


Increasing substitution of hydrogen for carbon 


Q. Rank the compounds shown according to increasing (from more 
exothermic, less stable) heats of Hydrogenation (to Least Exotermic, most 
stable) 


A же ge aW ғы _ N 


Бом С 


Chemical reactions of Alkenes 


Electrophilic Addition 


= X^ 
Nu \ -c — c 


Free-Radical Addition 


| \ ЖТТ 
рем + X --- c 


NS zs Е 


Reactivity of Alkenes Towards Electrophilic Reactions 


+ + 
HCxCH, 7 г b абады Least Reactive 
Cl о а Alkene 
+ 
нусесн, + Е" —- Н2С-СН;Е 


` ust Stabler is the Carbocation, 


the more reactive is the 


+ 
HC«CH, + E — HC-CH;E Alkene 
/ 2 
H3C ы и H3C 
CH СН; 
HC<CH ` + Е" — HC-CHE 
H.C `. ай H.C 
H3C H3C. 
“сес + Е — C-CH;E 
H.C H3C 
нс CH H3C, СНз 
"сен + E — C-CHE 
Hal H3C 
НС СНз H.C , СНз Most Reactive 
C=C + E ——> C-CE Alkene 


Electrophilic Addition 
1. Addition of hydrogen Helides 


a. Addition to symmetrical Alkenes: 


` Е | | 
сс + H—Br: —— —C—C— 
/ `x + + | 
“Вг: Н 
Reactivity 
HI > HBr > НСІ 
Mechanism 
\ / 
С=С + 


a carbocation 
intermediate 


b. Addition to unsymmetrical Alkenes: Markovnikovs Rule 


“The hydrogen adds to the carbon that is bonded to the greater number of hydrogens.” 


СІ 
- | 

| CH,CHCH, > СН;СНСН, 
HC B | | 


Р | а зесопдагу | 2-chloropropane 
СН-СН--СН, carbocation 


HCI + 
СН:СН-СН, 
а ргітагу 
| carbocation 


Those that do—that is, the hydrogen does add to the carbon that is bonded to the 
greater number of hydrogens—are called Markovnikov addition reactions. 


Practice Questions 
Markovnikov addition 


What would be the major product obtained from the addition of HBr to each of the follow- 
ing compounds? 
а. CH3CH;CH = CH? с. CH; e. CH» 


г 


(н а 
b. CH,CH=CCH, d. сњессњењесњ Ё CH;CH=CHCH; 


Formation of Rearrange Product 


Alkyl shift example: 


М “Cl: 
H H СІ: H `Ü 
[| н 


` 


нс H o ын 
tcI: Ho 
~ z Бе 
——k—— 
HsC H ce 
?" CH; H H C см 


Proxide Effect: Anti-Markovnikov Addition 


Observed only in the case of HBr 


Br 

| 
CH;CH»CH=CH», + HBr ------ СН:СН.СНСН: 
1-butene 2-bromobutane 


CH,CH,CH—CH, + HBr -Ре!0Х10е, CH CH,CH,CH;Br 


1-butene 1-bromobutane 


Mechanism: Radical Reaction 


1. Chain Initiation 
Y^ N li 


а + ht T 
RO—OR | —ог> 280. 
an alkyl peroxide A alkoxyl radicals 


a es. .. .. 
RO + НОНЕ ВОН E ‘Br: 
a bromine 
2. Chain Propagation radical 


Вг: + СН,--СНСН;СН; —>  CH;CHCH;CH; 


г. ж ЖАЙ | 
“Вг: 
.. 


ап alkyl radical 


CHICHCH,CH, + H— Br: --- (т-нун, + “Вг: 


Вг dil: Br H 


3. Chain Termination 


R’- +R’: R'—R' 


Markovnikov Vs Anti-Markovnikov Addition 


Anti-Markovnikov Addition 


carbon skeleton is 


СЕ T H; not rearranged 
CH,CHCH=CH, + HBr LEE, — CH CHCH;CH;Br 
3-methyl-1-butene 1-bromo-3-methylbutane 


Radical intermediates do not rearrange. 


Markovnikov Addition 
СН; дее CH; CH, 
cHCH—CH<CH, + НО —> снб—©ёнсь — f fL > ење стен, 
3-methyl-1-butene d N a 1,2-hydride shift a tertiary 
a sécondaiy carbocation 
carbocation [Br 
СН; 
CHy¢—CH,CH, 
Br 


major product 


Addition of Water 
1. Direct Hydration 


CH, H H 


* Rearrangement take place 


Addition of Water 
2. Hydroboration-Oxidation: Indirect Hydration 


1. BH3/THF 


СНСН--СН 2. НО”, H;0;, HO CH4CH5CH5O0H 
propene 1-propanol 
Step 1: Hydroboration: Electranegativity: - pul 
H E 5 ds _ 
A concerted reaction H-B. 4 
22 20 H 


CH;CH-—CH:; — мада 
H-—BH; H BH, 


an alkylborane 


an alkylborane | 
Н 


а dialkylborane 


| | 
H R 


a dialkylborane a trialkylborane 


СН;СН==СН, + R—BH --> CH;CH—CH,—B—R 
R 


Step 2: Oxidation 


НО”, Н;О;, Н2О 


2. 
----------7 Э ОН + ВО; 


7 
х-ш-ж 


Mechanism 


repeat the two 
preceding steps 
two times 


repeat the three 


preceding steps OR OR 
š two times | "1 | 
3ROH + BO,” ко ROH + ROB é КО: RO—B 


Examples 


ње, BH, | T но, 
C—CH H.C—C—CH 
/ 2 THe р е 
H.C CH, OH 


Stereochemistry: Syn Addition 


H 
€——— СЫ 
ЕБО =H 
CH 2 > 
1 СН; (excess) 


Treatment of organoborane with basic hydrogen peroxide leads 
to formation of an alcohol 


Addition of Water 
3. Oxymercuration—Reduction: Indirect Hydration 


№ Hg(OA c), H;O/T HF 


R—CH—CH, —j-NaBH, RAH dh 
OH 
ОА 
| j^ (am 
ур ФАС 7 Hg* 
w^ X H20: 
CHCH- CH; — is a CH, к”. r d Hg— OAc 
deese f ‘OH 
О + AO kas: 
| | Н, 
AcO = СЊСО ШЕ: 
| Ас 
Мавн, = 
шағынды атаны CHE + Hg + AcO 
“ОН + AcOH OH 
А. шы ar 
„НА Ma 
снісн- СН» СН.СН- СН. 
“OH ко-н 
H H * No Rearrangement 


more stable transition state 


less stable transition state 


Comparison 


Oxymercuratio-Reduction Hydrobration-Oxidation 
На(ОАс); > (ВНз)2 
HgOAc Ж B 
H20 
OH H 
Direct н З 
Hydration 
NaBH, H202 


OH НО: | H 
У 
Магком тко 5 Addition Н Anti-Markownikoff's Addition 
Product З” Product 


H Rearanged Product 


Oxidation of Alkenes 
1. Epoxidation 


е но 
т-СРВА о С о | 
| жы AO 
a ——— Чц МИ + TAN OH 0 Y ES | 
trans alkene trans product NZ 
т-спюгобепгою acid teta-chloroperoxybenzoic acid (mCPBA) 
note that the alkyl (byproduct) 


groups remain -trans 


m-CPBA O 
JEN — M „=“; 4 “cy 


cis alkene cis product 
m-chlorobenzoic acid 


Generic mechanisms: 


• Since the donation of oxygen to the alkene is concerted, 
this is a syn addition 


R 
"ЈЕ - H О R <š Но 
шад Do: + 
aussi 4*5. Epoxidati p 
R R OQ» R poxidation RS 5 f 
a peroxy ; carboxylic acid 
acid кака byproduct 


Ring Opening Reactions of Epoxides 


1. In Acidic Condition 


Step 1: Protonation Step 2: Attack of nucleophile Step 3: Deprotonation 
реч HYY Y^ :0H, H 
desi 0—H o 
ы “аа C — CX. 
protonated attack occurs 
epoxide at more substituted 
(more reactive) carbon 


2. In Basic Condition 


Step 1: 5,2 Reaction Step 2: Protonation of alkoxide 
(backside attack) (У 
(“Хх 
© H—OH 
O OH 
1 CH; “СН; | CH; 
О —- - 
2 “он 2 “ОН 
© vicinal diol 
a ("glycol") 


ә 


Oxidation of Alkenes 
2. Ozonolysis 


O; 


+ О; 


reductive 
workup 
— Шо 


reductive 
workup 
— а 


reductive 
workup 


reductive 
workup 


camo + М 
r н” 
Н Н.С, 
|.“ = Мы 
"á нс” 
бә, 
ре - =o 
Сану 


Mechanism 


4 


+ — 
E 62 4 е RUNE + O : 
:O p *à 49 .. О: О б: 
ева —Y j 
b e — ed ЕЕ ~ ~ «С 
TO ” 7 4 
Molozonide 
О, addition to alkene Fragments of initial 
ozonide 
‚ б: Я | 
од ~ \ г / Me5S “© A 
Ve ђе i — | | с“ ---» 2 ü 
Ме > шыбуе ог 2п 
й Q. Ж 9 | ог H,/Pd “~~ 
Reduction by Ме,5 
Fragments recombine Ozonide 


to form the ozonide. 


Oxidation of Alkenes 
3. Dihydroxylation 


ОН 
KMnO, 
A S — > pu 
NaOH, cold 
KMnO, OH 
— T ФК 
ғ NaOH, cold | OH 
H 
KMnO, 7 
NaOH, cold 


OH 


Mechanism 


ғғ” cold 5% KMnO, OH 
река ————— —— 
JT " NaOH, ЊО H,O 


“- о Ч >. , OH OH 
FG MALO Syn-1,2-diols 
0 о 2 t 


e Syn dihydroxylation take place 
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Classification о? Dienes 


Dienes may be: 


Conjugated in which the two alkenes are joined by a C-C 
single bond; 


Isolated in which there is at least one sp? carbon between 
the alkenes; 


Cummulated in which two alkenes share a carbon. 
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E a Tess а a Н;С--С--СНСН;СН; 
(E)-1,3-Pentadiene | .4-Pentadiene | .2-Pentadiene 


(conjugated) (isolated) (cumulated) 


Structure of Dienes 
1. Relative Stabilities 


Heat of Hydrogenation 


CHiCH-—C-—CHCH; 
2,3-pentadiene 
a cumulated diene 


CH,—CHCH;CH-—CH, + 2H; 
1,4-pentadiene 
an isolated diene 


СН>--СНСН--СНСН; 
1,3-pentadiene 
a conjugated diene 


most conjugated diene 
stable 


+ 2Њ 


+ 2H» 


Pt 


— CHiCH;CH;CH;CH; АН? - —70.5 kcal/mol (-295 kJ/mol) 


Pt 


--> CH;CH;CH;CH;CH; АН? — -60.2 kcal/mol (-252 kJ/mol) 


Pt 


со CH3;CH;CH;CH;CH; АН? - —54.1 kcal/mol (-226 kJ/mol) 


> isolated diene > cumulated diene least 
Stable 


=“ ~N 


CH,—CH—CH—CH, «э СН,-“СН1-СН4-СН, <= СН,-СН--СН-СН, 


bU аа 


resonance contributors 


delocalized 
electrons 


CH;--CH--CH--CH, 
resonance hybrid 


Molecular orbital structure of 1, 3 -Butadiene 


molecular orbitals 


m om 


atomic orbitals LI 9849: antibonding 2 Node 


HEOR edv 


Е Ў bonding No Node 
08355. 


қ л4* antibonding 3 Node 


Method of Formation 


. Pyrolysis of Cyclohexene 


4 Heat | | > 


ii. Dehydration of diole 
OH 4. 


PW š =. 


Heat 


iii. Catalytic Dehydrogenation 


Са(РО ZA 
пон d І 4 
Міз(РО,) 


іу Dehydrhalogenation 


у ~ 
и S 2 


Chemical Reactions of Dienes 
1. Addition of Hydrogen Halides 


H* 


| HBr 
ж” — ^^ <> @ SH 


@ О 
Вт - Р à ы. Ша 
қ. The Br is still 


faster becasue of Farther apart 


the Br proximity next ot the H 


193 K | 313 K 
ANH BRL 
Br 
1,2-Adduct 1,4-Adduct 
Kinetic Product Thermodynamic Product 


Because it formed Fast Because it is more stable 


Kinetic апа Thermodynamic Products 


The activation energy to form the 1,2-addition product is 
lower so it is more readily formed. For the 1,4-addition 


product this is reversed. 


Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display ... 
1,2 addition 


1.4 addition 


Energy 


Br 


L... 


a 


Br И N. -Вгото- | -butene is major 
~ > 
> = product when reaction is 
| -Bromo-2-huten ајот kinetically controlled 
ато. Cne 15 тај 
product when reaction ts 


А T 
fhermodvnamcaly control 


- Reaction coordinate 


2. Addition of Halogens 


1,2 апа 1,4- addition of Вг, to butadiene as a function of temperature 


2 
РОСА 


3 


2 
1 Ж 4 
3 


Вг, 
‚ 
—15 °С 


"kinetic control" 


gu BS СЕ ши шш EE EE: E WE ыы ыы 


1,2 product: 60% 


EN. ы Да 


60 °C 


"thermodynamic 
control" 


1,2 product: 10% 


ВА о“ 


1,4 product: 40% 


1,4 product: 90% 


Mechanism 


` Bra 
Cue RS — Br ж» Bro 
Br 
айы — z. НЕ 
Hr X + Вг 
Br 
1,2-addition 1,4-addition 


Kinetic Product 
Because it formed Fast 


Thermodynamic Product 
Because it is more stable 


3. Diels-Alder reaction 
(4+2)-Cyclo Addition 


1 i t 


~ м ео 
af “| = 
dene dienophile transition state [nwa bond] 
four т electrons two т electrons ; doublé bond 


six = electrons 


EWG оп Dienophile Increase the rate of reaction 


О 

б ( 20 °C 
+ | | — > 

O 
Ж” о 
4 „Го 2, 
EN 

O 


EDG on Diene Increase the rate of reaction 


O 
H3C H3C 
Heat 
у 
О 


Stereochemistry 


[2009 на. Heat COOH 
COOH COOH 
Cis Cis 


“СООН 


Trans Trans 


Regioselectivity 
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Synthesis of Alkynes 


CH>Br = CH>Br ale KOH or NaNH> 

CHa = CHB? alc KOH, Ман; 

CHCI Ag dust(Powder) 

| А 

СНВг> – СНВғ> Zn dust an 
CHBr 5 [Acetylene] 
|| Zn 
CHBr 


alc KOH, NaNH: 
CH; = CH – Cl 


НС- COONa 


Kolbe's electrolytic synthesis 


7 || 
'— COON 
НС- COONa в 
s Саб. H20 (Laboratory method) [Acetylene] 
Electric arc, 1200°C 
9 2C+ Hə "im 
erthelot s process 
Na / R-X 
10 АН ------ R— Na ——~ RR 
+ 
Н» 
NaNH, Z. “В-х 
1 R——H — ———- R— Ма — RR 


Reason for Acidic Character of Terminal Alkynes 
1. Hybridization de sp sp 


Order of acidity H-C2C-H 


(1) HC#CH > CH=CH, > CH, —CH, 
вр 


ар? sp? 
s-character p-character 
АІКуле - СЕС-Н sp 50% 50% | 
Higher the 5 Character 
Akana 2- - Hsp? 33-33% 66-67% More is the electro negativity. 


Because s orbital is more near 


| | 
Alkane —C=C+H sp? 25% 75% То nucleolus 
| | 


2. Stability of Anion 


Negative charge is stabilized as the hybridization includes 
more s orbitals 


е н 9 Ө 
H,C-CH, < ae un" с Н-СЕС: 
sp? hybridized sp? hybridized sp hybridized 


(least stable) (most stable) 


Electrophilic Addition 
1. Halogenation 


Br Br 
Br 
Вт. ССІ Br, ССІ, | | 
— се=<—— < >= — y — C—C 
Br % | | 
Бг Вг 
wass Tetrabromoalkane 
СІ СІ 
— || 
с=с ———- "x — С — ———C——Cc—— 
сі % | | 
Dichloroalkene Cl СІ 


Tetrachloroalkane 


2. Hydrogen Halide 


: Br 
H H 
= HBr + | та | . HBr , CH cii och 
сњењсесн — , CH,CH,C—CH ———9 CH,CH,C=CH sinus iin 
Br 2-bromo-1-butene Br 
a halo-substituted alkene 2,2-dibromobutane 


a geminal dihalide 


3. Ozonolysis 


О 
H-C =CH + O4 — wA Zn/H,0 "Несин 
| | 
0-0 O O 


Acetylene Acetylene ozonide Сіуоха! 
О 


CH, – C =C - CH, +0; — cH, -¢c-cH, - , сњ-с-с-сњ 
| | l | 


But-2-yne Butane-2, 3-dione 


4. Addition of Water 


СН»„С= ССН» + Н-О 


H250 
CH;CH,C=CH + ЊО навој" даса = най mi ои 


an enol a ketone 


Mechanism 


„Не“ Не" Не” 


— CHCH —— СНС--ЕН > CH,C—CH + Н:О: 


H;O: НО; 
— «ӛн и Ou 


-— _ a mercuric enol 
| 
CH;CCH, => CH;C—CH, — cme- EH À —Hg* 
| din бү а mercuric ketone 


ЊО + Hg^ H—O'—H 


ü 


5. Hydroboration 


НС X PA 
3 СНС--ССН; + ВН: THE 3 FRA 
H OH 
an enol 
boron-substituted alkene | 
О 
А 3 CH.CH, CH, 
Comparison 
ја Й 
H20, H2504 и 
/ но ^ СН:С= СН, == CH;CCH; 
a ketone 
CH,C=CH 


1. disiamylborane 
2. HO^, Н;Оҙ, ЊО 


ОН n 


| 
СЊСН--СН “= СН;СН;СН 


an aldehyde 


Nucleophilic Addition 


1. Addition of Hydrogen Cyanide 


H H H 
2. Addition of Methanole 
СН-ОМа Н 
HC=CH +  CH3OH : H4CO ~ 
(NC 
Ж” TNA НСО © н-осна H3CO 
P HC=CH >” = = 
CH30 T Т н 


